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(57) ABSTRACT 
A liquid discharge device (1) has a pressure chamber (3), a 
noZZle (4), and a communication path (5) that interconnects 
the pressure chamber (3) and the noZZle (4). A region that has 
a speci?c length L 1 and lies from the position (8) of the 
boundary betWeen the communication path (5) of the pres 
sure chamber (3) toWard the noZZle (4) is formed as a narroW 
section (9) that has an opening area S 1 smaller than the open 
ing area S0 of a region closer to the noZZle (4) than the narroW 
section (9). In the liquid discharge device (1), the narroW 
section (9) functions to damp micro vibration that occurs in 
liquid in the communication path (5), and this alloWs liquid 
drops having a pre-designed volume and ?ying speed to be 
discharged from every noZZle (4) on a board (2) 

See application ?le for complete search history. 2 Claims, 8 Drawing Sheets 
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LIQUID DISCHARGE DEVICE 

TECHNICAL FIELD 

The present invention relates to a liquid discharge device. 

BACKGROUND ART 

Liquid discharge devices, in Which a plurality of pressure 
chambers to be ?lled With a liquid are arranged in a planar 
direction on one surface of a board, a noZZle for discharging 
the liquid as a liquid drop is formed for each of the pressure 
chambers on the opposite surface of the board, each of the 
pressure chambers and the corresponding noZZle are inter 
connected by a communication path to be ?lled With a liquid, 
and a pieZoelectric actuator including a pieZoelectric element 
is disposed on the one surface, on Which the pressure cham 
bers are formed, of the board, have been Widely used as 
pieZoelectric ink jet heads in recording devices utiliZing ink 
jet recording systems, for example, ink jet printers and ink jet 
plotters. 

In the above-mentioned liquid discharge device, When the 
pieZoelectric actuator is vibrated so as to repeat a state Where 
it is de?ected in the thickness direction and a state Where the 
de?ection is released by applying a predetermined driving 
voltage pulse to the pieZoelectric element With the pressure 
chamber and the communication path respectively ?lled With 
the liquids, the volume of the pressure chamber is increased or 
decreased With the vibration so that the liquid in the pressure 
chamber vibrates. The vibration is transmitted to the noZZle 
through the liquid in the communication path so that a menis 
cus of the liquid formed in the nozzle vibrates. A part of the 
liquid forming the meniscus is separated as a liquid drop With 
the vibration, and the liquid drop is discharged from the 
noZZle. In the case of the pieZoelectric ink jet head, the liquid 
drop (ink drop) discharged from the noZZle ?ies to a paper 
surface disposed opposite to the noZZle, to reach the paper 
surface, so that dots are formed on the paper surface. 

Conventionally, the communication path has been gener 
ally formed so as to have a substantially constant opening 
area, considering that the vibration of the liquid in the pres 
sure chamber is transmitted to the meniscus in the noZZle as 
smoothly as possible. For example, Patent Document 1 
describes a liquid discharge device in Which a communication 
path is formed so as to have a predetermined opening area 
from an opening on the side of a pressure chamber to a 
position connecting With a noZZle, and the noZZle is formed in 
a tapered shape such that its opening area gradually decreases 
to its tip from a position connecting With the communication 
path. 

HoWever, consideration by the inventors have proved that 
in a conventional liquid discharge device in Which the open 
ing area of a communication path is made substantially con 
stant, as described in Patent Document 1, When a pieZoelec 
tric actuator is driven, to discharge a liquid drop from a noZZle 
by a mechanism previously described, a liquid drop having a 
previously designed volume and ?ying speed cannot be dis 
charged from the noZZle because micro vibration of a liquid is 
generated in the communication path, and the micro vibration 
is overlapped With vibration of a liquid in a pressure chamber 
so that the volume and the ?ying speed of a formed liquid drop 
vary. 
As a cause of this, the inventors have considered that a part 

of vibration transmitted to the liquid in the communication 
path is transmitted to the meniscus of the liquid in the noZZle, 
as previously described, While the remainder thereof is 
re?ected toWard the pressure chamber in the vicinity of an 
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2 
inlet to the noZZle because the opening area of the communi 
cation path is larger than the opening area of the noZZle. That 
is, the remainder of the vibration re?ected in the vicinity of 
the inlet to the noZZle is repeatedly re?ected betWeen the 
vicinity of the inlet to the noZZle and a surface opposite the 
inlet to the communication path on an inner Wall surface of 
the pressure chamber to generate a standing Wave, to micro 
vibrate the liquid in the communication path. 

The period of the micro vibration is mainly de?ned by the 
distance betWeen the opposite surfaces, betWeen Which the 
vibration is repeatedly re?ected, for example, and is a small 
value that is a small fraction of the period of the vibration of 
the liquid generated by driving the pieZoelectric actuator. 
When the micro vibration is overlapped With the vibration of 
the liquid generated by driving the pieZoelectric actuator, 
hoWever, pressure for discharge, Which is applied to the 
meniscus of the liquid in the noZZle, becomes excessively 
high or excessively loW depending on the amount of shift in 
phase betWeen both the vibrations. Therefore, the volume and 
the ?ying speed of the formed liquid drop vary, as previously 
described. 

In a case Where the micro vibration is overlapped With the 
vibration of the liquid generated by driving the pieZoelectric 
actuator so that the pressure for discharge, Which is applied to 
the meniscus of the liquid in the noZZle, becomes excessively 
higher than a normal value, for example, When the pieZoelec 
tric actuator is driven to discharge the liquid drop from the 
noZZle, a so-called head high-speed drop being minuter and 
having a higher ?ying speed than a predetermined liquid drop 
is easily discharged as the ?rst drop. 
The amount of shift in phase betWeen the vibration of the 

liquid generated by driving the pieZoelectric actuator and the 
micro vibration is mainly determined by the length of the 
communication path, for example. Therefore, the volume and 
the ?ying speed of a liquid drop discharged from one noZZle 
do not drastically vary While the liquid discharge device is 
employed. HoWever, the volumes and the ?ying speeds of 
liquid drops discharged from a plurality of noZZles formed on 
the one board in the liquid discharge device easily vary for 
each of the noZZles. In the case of the pieZoelectric ink jet 
head, the head high-speed drop is generated, and the volumes 
and the ?ying speeds of the liquid drops discharged from the 
plurality of noZZles vary, so that the image quality of a formed 
image is reduced. 

Patent Document 1 : Japanese Unexamined Patent Publica 
tion No. 2005-144917 (Paragraph [0029], FIGS. 1 and 2) 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

An object of the present invention is to provide a liquid 
discharge device that can respectively discharge liquid drops 
each having a previously designed volume and ?ying speed 
from all noZZles on a board by damping micro vibration of a 
liquid generated in a communication path. 

Means for Solving the Problems 

The present invention is directed to a liquid discharge 
device including (A) a pressure chamber to be ?lled With a 
liquid, (B) a noZZle for discharging the liquid as a liquid drop, 
(C) a communication path that interconnects the pressure 
chamber and the noZZle and to be ?lled With a liquid, and (D) 
a pieZoelectric actuator that includes a pieZoelectric element, 
and vibrates due to the deformation of the pieZoelectric ele 
ment to increase or decrease the volume of the pressure cham 
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ber, to vibrate the liquid in the pres sure chamber and transmits 
the vibration to the nozzle through the liquid in the commu 
nication path, to discharge the liquid drop from the noZZle, in 
Which a region having a predetermined length directed 
toWard the noZZle from a boundary position betWeen the 
pressure chamber of the communication path is a narroW 
section having a smaller opening area than a opening area of 
a region closer to the noZZle than the narroW section of the 
communication path. 

According to the present invention, micro vibration of the 
liquid generated in the communication path can be particu 
larly damped by passing vibration of the liquid through the 
narroW section having a small opening area and having a high 
?oW path resistance, Which is provided at the boundary posi 
tion betWeen the pressure chamber of the communication 
path, to transmit the vibration betWeen the pressure chamber 
and the communication path. Therefore, liquid drops each 
having a previously designed volume and ?ying speed can be 
discharged from all noZZles communicating With all commu 
nication paths on the board by providing narroW sections, 
described above, for all the communication paths, previously 
described. 

Moreover, according to the present invention, the necessity 
of providing a resistive portion serving as a ?oW path resis 
tance in the pressure chamber is eliminated. In a case Where 
the board constituting the liquid discharge device is formed 
by laminating a plate material having an opening serving as a 
pressure chamber or the like formed therein, a plate material 
having an opening serving as a communication path formed 
therein, and a plate material having a noZZle formed therein, 
for example, therefore, even if the plate materials are aligned 
and laminated after being processed With conventional pro 
cessing accuracy, it is possible to prevent the opening area 
particularly in a connection portion betWeen the pressure 
chamber and the communication path from varying With suf 
?cient dimensional precision ensured. Therefore, it is also 
possible to prevent the volumes and the ?ying speeds of the 
liquid drops discharged from the plurality of noZZles formed 
on the one board in the liquid discharge device from varying 
for each of the noZZles due to a difference occurring in the 
effect of damping the micro vibration depending on the varia 
tion in the opening area. 

Note that it is preferable that the opening area of the narroW 
section is 20 to 60% of the opening area of the region closer 
to the noZZle than the narroW section, considering that the 
vibration of the liquid in the pressure chamber, Which is 
generated by driving the pieZoelectric actuator, is transmitted 
through the narroW section to the liquid in the communication 
path as e?iciently as possible While maintaining the effect of 
damping the micro vibration by the narroW section at a favor 
able level. Furthermore, it is preferable that the length, in the 
length direction of the communication path, of the narroW 
section is 10 to 20% of the overall length of the communica 
tion path from the same reason. 

Effects of the Invention 

According to the present invention, there can be provided a 
liquid discharge device capable of discharging liquid drops 
each having a previously designed volume and ?ying speed 
from all noZZles on a board by damping micro vibration 
generated in a communication path. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional vieW shoWing a liquid discharge 
device according to an embodiment of the present invention 
in particularly enlarged fashion. 
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4 
FIG. 2 is a cross-sectional vieW shoWing a portion of a 

communication path serving as a principal part of the liquid 
discharge device according to the present embodiment in 
further enlarged fashion. 

FIG. 3 is a plan vieW shoWing a portion of the communi 
cation path in further enlarged fashion. 

FIG. 4 is a perspective vieW shoWing the overall shape of a 
noZZle. 

FIG. 5 is a cross-sectional vieW shoWing a communication 
path formed in a comparative example 1 in enlarged fashion. 

FIG. 6 is a cross-sectional vieW shoWing a communication 
path formed in a comparative example 2 in enlarged fashion. 

FIG. 7 is a cross-sectional vieW shoWing a communication 
path formed in a comparative example 3 in enlarged fashion. 

FIG. 8 is a circuit diagram shoWing an analysis model used 
for analyZing pieZoelectric ink jet heads in examples and 
comparative examples. 

FIG. 9 is a graph shoWing the changes in the pressure and 
the ?oW velocity of a liquid at a boundary position betWeen a 
communication path and a noZZle in a case Where a pieZo 
electric ink jet head in an example 1 is driven. 

FIG. 10 is a graph shoWing the changes in the pressure and 
the ?oW velocity of a liquid at a boundary position betWeen a 
communication path and a noZZle in a case Where a pieZo 
electric ink jet head in a comparative example 1 is driven. 

FIG. 11 is a graph shoWing the changes in the pressure and 
the ?oW velocity of a liquid at a boundary position betWeen a 
communication path and a noZZle in a case Where a pieZo 
electric ink jet head in a comparative example 2 is driven. 

FIG. 12 is a graph shoWing the changes in the pressure and 
the ?oW velocity of a liquid at a boundary position betWeen a 
communication path and a noZZle in a case Where a pieZo 
electric ink jet head in a comparative example 3 is driven. 

DESCRIPTION OF REFERENCE NUMERALS 
AND SIGNS 

: liquid discharge device 
: board 

: pressure chamber 
: noZZle 

communication path 
: pieZoelectric element 
: pieZoelectric actuator 
: boundary position 
: narroW section 

: supply path 
: contraction section 
: connection section 
: ?rst plate material 
: connection section 
: second plate material 
: third plate material 
: connection section 
: fourth plate material 
: ?fth plate material 
: sixth plate material 
: seventh plate material 
: vibrating plate 
: common electrode 

: discrete electrode 
: conical tapered section 
: straight section 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

FIG. 1 is a cross-sectional vieW shoWing a liquid discharge 
device according to an embodiment of the present invention 
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in partially enlarged fashion. FIG. 2 is a cross-sectional vieW 
showing a portion of a communication path serving as a 
principal part of the liquid discharge device according to the 
present embodiment in further enlarged fashion. Referring to 
FIGS. 1 and 2, in the liquid discharge device 1 according to 
the present embodiment, a pressure chamber 3 is formed on 
an upper surface of a board 2, a noZZle 4 is formed so as to 
correspond to the pressure chamber 3 on a loWer surface of the 
board 2, the pressure chamber 3 and the noZZle 4 are inter 
connected by a communication path 5 passing through the 
board 2, and a pieZoelectric actuator 7 including a thin plate 
shaped pieZoelectric element 6 in a transverse vibration mode 
is laminated on the upper surface, on Which the pressure 
chamber 3 is formed, of the board 2. Respective pluralities of 
pressure chambers 3, noZZles 4, and communication paths 5 
are arranged in a planar direction on the one board 2, Which is 
not illustrated. 
A region having a predetermined length L 1 directed toWard 

the noZZle 4 from a boundary position 8 betWeen the pressure 
chamber 3 of the communication path 5 is a narroW section 9 
having a smaller opening area and having a higher ?oW path 
resistance than a region, closer the noZZle 4 than the narroW 
section 9 of the communication path 5. Vibration of a liquid is 
alWays transmitted betWeen the pressure chamber 3 and the 
communication path 5 after passing through the narroW sec 
tion 9. This particularly alloWs micro vibration of the liquid 
generated in the communication path 5 to be damped, alloW 
ing a liquid drop, having a previously designed volume and 
?ying speed, excluding the micro vibration, to be discharged 
from the noZZle 4. 

That is, the boundary position 8 betWeen the pressure 
chamber 3 and the communication path 5 generally corre 
sponds to a node of a vibrational Waveform betWeen the 
vibration of the liquid in the pressure chamber 3 and the 
vibration of the liquid in the communication path 5. When the 
narroW section 9 having a small opening area, having a pre 
determined length in the length direction of the communica 
tion path 5, is provided at the boundary position 8, hoWever, 
an inner Wall surface of the narroW section 9 can damp the 
micro vibration because it functions to restrain an antinode of 
the Waveform of the micro vibration. 

It is preferable that the opening area S1 of the narroW 
section 9 is in a range of 20 to 60% and particularly 30 to 50% 
of the opening area S0 of the region, closer to the noZZle 4 than 
the narroW section 9, of the communication path 5. When the 
opening area S 1 is less than the above-mentioned range, the 
micro vibration can be more effectively damped. HoWever, 
the damping amount of vibration, generated by driving the 
pieZoelectric actuator 7 and transmitted from the liquid in the 
pressure chamber 3 to the liquid in the communication path 5, 
for discharging a liquid drop is also increased. This may cause 
the volume and the ?ying speed of the liquid drop discharged 
from the noZZle 4 to be rather reduced. When the opening area 
S l exceeds the above-mentioned range, the effect of damping 
the micro vibration of the liquid by the narroW section 9 may 
be insu?icient. 

It is preferable that the length L1, in the length direction of 
the communication path 5, of the narroW section 9 is 10 to 
20% and particularly 12 to 18% of the overall length LO of the 
communication path 5. When the length L1 is less than the 
above-mentioned range, the effect of damping the micro 
vibration of the liquid by the narroW section 9 may be insuf 
?cient. When the length Ll exceeds the above-mentioned 
range, the micro vibration can be more effectively damped. 
HoWever, the damping amount of the vibration, generated by 
driving the pieZoelectric actuator 7 and transmitted from the 
liquid in the pressure chamber 3 to the liquid in the commu 
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6 
nicationpath 5, for discharging a liquid drop is also increased. 
This may cause the volume and the ?ying speed of the liquid 
drop discharged from the noZZle 4 to be rather reduced. 

Note that the con?guration of the liquid discharge device 
according to the present invention is suitably employed par 
ticularly When the opening area S0 of the region, closer to the 
noZZle than the narroW section 9, of the communication path 
5 is in a range of 0.00785 to 0.0490625 mm2 (the opening 
diameter thereof is 100 pm to 250 um) and particularly 
0.01 1304 to 0.0314 mm2 (the opening diameter thereof is 120 
pm to 200 um) and the overall length LO of the communication 
path 5 is in a range of 400 to 1400 um and particularly 500 to 
1200 um, considering that the effect of providing the narroW 
section 9, previously described, is more effectively exhibited. 
That is, When the opening area S0 is in the above-mentioned 
range and the opening area S1 of the narroW section 9 is 20 to 
60% of the opening area S0, or the overall length LO of the 
communication path 5 is in the above-mentioned range and 
the length Ll of the narroW section 9 is 10 to 20% of the 
overall length LO, the micro vibration can be more effectively 
damped. 
A supply path 10 is used for supplying a liquid from a 

supply source (a tank or the like) (not shoWn) to the plurality 
of pressure chambers 3 arranged on the board 2. The supply 
path 10 and the pressure chamber 3 are connected to each 
other through a very thin contraction section 11 in order to 
prevent the vibration of the liquid in the pressure chamber 3 
from being transmitted to the liquid in the other pressure 
chamber 3 through the supply path 10. Furthermore, an end, 
on the side of the noZZle 4 having a small opening area, of the 
communication path 5 having a large opening area is a con 
nection section 12 having an opening area smaller than the 
communication path 5 and larger than the noZZle 4 in order to 
transmit the vibration transmitted from the liquid in the pres 
sure chamber 3 in a concentrated manner to a meniscus of the 
liquid in the noZZle 4 from the liquid in the communication 
path 5 to reduce the percentage of the vibration re?ected on 
the connection section Without being transmitted to the 
meniscus. 
A ?rst plate material 13 having a through hole serving as 

the pressure chamber 3 formed therein, a second plate mate 
rial 15 having a through hole serving as the narroW section 9 
of the communication path 5 and a through hole serving as a 
connection section 14 for interconnecting the pressure cham 
ber 3 and the contraction section 11 formed therein, a third 
plate material 16 having a through hole serving as an upper 
end of a region connecting With the narroW section 9 of the 
communication path 5 and a through hole serving as the 
contraction section 11 formed therein, a fourth plate material 
18 having a through hole serving as a portion connecting With 
the upper end of the communication path 5 and a through hole 
serving as a connection section 17 for interconnecting the 
contraction section 11 and the supply path 10 formed therein, 
a ?fth plate material 19 having a through hole serving as the 
remainder of the communication path 5 and a through hole 
serving as the supply path 10 formed therein, a sixth plate 
material 20 having a through hole serving as the connection 
section 12 formed therein, and a seventh plate material 21 
having the noZZle 4 formed therein are laminated in this order 
While being aligned and are integrated, to form the board 2 on 
Which the above-mentioned sections are formed. 

Usable as each of the plate materials is one formed in the 
shape of a ?at plate having a predetermined thickness of a 
metal, ceramic, resin, or the like and having a through hole 
having a predetermined planar shape to be each of the sec 
tions formed at its predetermined position by etching utiliZing 
photolithography, for example. The overall length LO of the 
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communication path 5 and the length L 1 of the narrow section 
9 can be respectively adjusted Within the ranges previously 
described by changing the thickness of each of the plate 
materials. Therefore, the overall length LO of the communi 
cation path 5 and the length L l of the narroW section 9 can be 
made uniform With high accuracy in all the communication 
paths 5 on the one pieZoelectric actuator 7. Furthermore, the 
opening area S0 of the communication path 5 and the opening 
area S 1 of the narroW section 9 can be respectively adjusted in 
the ranges previously described by changing the opening area 
of the through hole formed in the plate material by etching or 
the like. 
When the plate material is formed of a metal, examples of 

the metal include an Fe4Cr based alloy, an FeiNi based 
alloy, and a WC-TIC based alloy. Particularly, the FeiNi 
based alloy and the FeiCr based alloy (e.g., SUS430, 
SUS316, SUS-3l6L, etc.) are preferable, considering corro 
sion resistance to a liquid such as ink and processability. 

It is preferable that all the respective cross-sectional 
shapes, in the planar direction of the board 2 perpendicular to 
the length direction of the communication path 5, the narroW 
section 9, and the connection section 12 are circular, as shoWn 
in FIGS. 3 and 4, because the cross-sectional shape in the 
same direction of the noZZle 4 is generally circular, as shoWn 
in FIGS. 3 and 4, considering that the vibration transmitted to 
the liquid in the communication path 5 through the narroW 
section 9 is e?iciently transmitted to the meniscus of the 
liquid in the noZZle 4 through the connection section 12. 
Furthermore, each of the plate materials can be also formed 
by laminating a plurality of thinner plate materials each hav 
ing a predetermined through hole formed therein, Which is not 
illustrated. 

The pieZoelectric actuator 7 includes a thin plate-shaped 
vibrating plate 22, a layered common electrode 23, and a thin 
plate-shaped pieZoelectric element 6 in a transverse vibration 
mode, laminated in this order on the board 2 and each having 
dimensions covering the plurality of pressure chambers 3, 
and layered discrete electrodes 24 respectively pattem 
formed in a predeterminedplanar shape so as to correspond to 
the pressure chambers 3 on the pieZoelectric element 6. 

The pieZoelectric element 6 can be formed in a thin plate 
shape of lead Zirconium titanate (PZT) based pieZoelectric 
ceramic such as PZT or ceramic having one type or more 

types of oxides of lanthanum, barium, niobium, Zinc, nickel, 
manganese, etc. added to the PZT, such as PLZT. Further 
more, the pieZoelectric element 6 can be also formed of 
pieZoelectric ceramic mainly composed of lead magnesium 
niobate (PMN), lead nickel niobate (PNN), lead Zinc niobate, 
lead manganese niobate, lead antimony stannate, lead titan 
ate, barium titanate, or the like. 

The vibrating plate 22 can be also formed of the same 
pieZoelectric ceramic as the pieZoelectric element 6 in addi 
tion to being formed in a plate shape having a predetermined 
thickness of a metal such as molybdenum, tungsten, tantalum, 
titanium, platinum, iron, or nickel, an alloy of the above 
mentioned metals, stainless steel, or the like. Furthermore, 
the vibrating plate 22 can be also formed of a metal superior 
in conductivity, for example, gold, silver, platinum, copper, or 
aluminum to omit the common electrode 23. 

Each of the common electrode 23 and the discrete elec 
trode 24 can be also formed by being coated With a conductive 
paste including ?ne particles of each of the above-mentioned 
metals, dried, and then further calcined, as needed, in addition 
to being formed of a foil composed of a metal, superior in 
conductivity, such as gold, silver, platinum, copper, or alumi 
num, a plating ?lm, a vacuum evaporation ?lm, or the like. 
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8 
Examples of a method for pattern-forming the discrete 

electrode 24 formed of the plating ?lm or the vacuum depo 
sition ?lm include, 

a method of selectively exposing only a region Where the 
discrete electrode 24 is formed on a surface of the pieZoelec 
tric element 6 and selectively forming a ?lm in the exposed 
region With the other region covered With a plating mask, and 

a method of forming a ?lm on the Whole surface of the 
pieZoelectric element 6, then covering only a region corre 
sponding to the discrete electrode 24 in the ?lm With an 
etching mask to expose the other region, and selectively etch 
ing aWay the ?lm in the exposed region. Furthermore, in the 
case of a coating ?lm composed of a conductive paste, the 
conductive paste may be directly pattern-formed on the sur 
face of the pieZoelectric element 6 by a printing method such 
as a screen printing method. 

The pieZoelectric element 6 and the vibrating plate 22, each 
composed of pieZoelectric ceramic, can be formed by form 
ing a green sheet including a compound to be pieZoelectric 
ceramic, previously described, in a predetermined planar 
shape by calcination, folloWed by calcination. Particularly 
When both the pieZoelectric element 6 and the vibrating plate 
22 are formed of pieZoelectric ceramic, it is possible to pro 
duce a laminate in Which a layer of a conductive paste to be 
the common electrode 23 is sandWichedbetWeen green sheets 
to be their respective layers by calcination and calcine the 
laminate at a time to obtain a laminate having the pieZoelec 
tric element 6, the common electrode 23, and the vibrating 
plate 22 laminated therein. 

If the discrete electrode 24 is pattern-formed by the previ 
ously described method on the surface of the pieZoelectric 
element 6 in the laminate, the piezoelectric actuator 7 is 
formed. The liquid discharge device 1 is con?gured by ?xing 
the pieZoelectric actuator 7 on a surface, on Which the pres 
sure chamber 3 is formed, of the board 2 by bonding With 
adhesives, for example. Preferable as the adhesives are ther 
mosetting resin adhesives such as epoxy resin adhesives, 
phenol resin adhesives, or polyphenylene ether resin adhe 
sives having a thermal curing temperature of 100 to 2500 C., 
considering heat resistance required for the liquid discharge 
device 1, resistance to a liquid such as ink, or the like. 

In order to put the thin plate-shaped pieZoelectric element 
6 in a transverse vibration mode, the polariZation of pieZo 
electric ceramic is oriented in the thickness direction of the 
pieZoelectric element 6, e.g., a direction directed toWard the 
common electrode 23 from the discrete electrode 24. For that 
purpose, a polariZation method such as a high temperature 
polariZation method, a room temperature polariZation 
method, an alternating electric ?eld superimposition method, 
or an electric ?eld cooling method, for example, is employed. 
In the pieZoelectric element 6 in a transverse vibration mode 
in Which the polariZation of pieZoelectric ceramic is oriented 
in the above-mentioned direction, When a positive driving 
voltage is applied to any of the discrete electrodes 24 With the 
common electrode 23 grounded, for example, a region, sand 
Wiched betWeen both the electrodes 23 and 24 (referred to as 
a “driving region”), of the pieZoelectric element 6 contracts 
Within a plane perpendicular to the direction of the polariZa 
tion. HoWever, the pieZoelectric element 6 is ?xed to the 
vibrating plate 22 through the common electrode 23. As a 
result, a region, corresponding to the driving region, of the 
pieZoelectric actuator 7 enters a state Where pressure is 
applied to the liquid in the pressure chamber 3 by being 
de?ected so as to project toWard the pressure chamber 3. 
When the pieZoelectric actuator 7 is vibrated by applying a 

predetermined driving voltage pulse to the driving region of 
the pieZoelectric element 6 from both the electrodes 23 and 24 
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to repeat the above-mentioned state and a state Where the 
de?ection of the piezoelectric actuator 7 is released Without a 
voltage being applied to the piezoelectric actuator 7 at prede 
termined timing, therefore, the volume of the pres sure cham 
ber 3 is decreased or increased With the vibration so that the 
liquid in the pressure chamber 3 vibrates. The vibration is 
transmitted to the nozzle 4 through the liquid in the commu 
nication path 5 so that the meniscus of the liquid formed in the 
nozzle 4 vibrates. This vibration causes a part of the liquid 
forming the meniscus to be separated as a liquid drop and 
discharged from the nozzle 4. 

EXAMPLES 

Example 1 

<Board >2 
A board 2 including respective pluralities of sections each 

having a cross-sectional shape shoWn in FIG. 1 and having the 
folloWing dimensions Was formed by laminating a plurality of 
plate materials composed of SUS3 1 6 in order and integrating 
the plate materials, as previously described. 

(Pressure Chamber 3) 
The area thereof in a planar direction of the board 2: 0.273 

1111112 
The depth thereof in the thickness direction 100 um 

(Nozzle 4) 
A nozzle 4 has a solid shape including a conical tapered 

section 25 Whose inner diameter gradually decreases from the 
side of a pressure chamber 3 (the upper side) to the discharge 
side (the loWer side) and a straight section 26, being circular 
in cross section and having a predetermined inner diameter, 
provided at an end on the discharge side of the conical tapered 
section 25. The dimensions of each of the sections Were as 
folloWs: 

The overall length L3 of the nozzle 4: 50 um 
The cone angle of the conical tapered section 25: 8° 
The length L4 of the straight section 26: 5 pm 
The opening diameter d1 of the straight section 26: 20 pm 

(the opening area: 0.00031 mm2) 
(Communication Path 5) 
As shoWn in FIG. 3, the respective cross-sectional shapes, 

in a planar direction of the board 2 perpendicular to the length 
direction of a communication path 5, of a narroW section 9, a 
region, closer to the nozzle 4 than the narroW section 9, of the 
communication path 5, and a connection section 12 Were 
made circular. 

The dimensions of each of the sections Were as folloWs: 
The inner diameter of the narroW section 9: 120 um (the 

opening area S1: 0.01131 mm2) 
The inner diameter of the region, closer to the nozzle 4 than 

the narroW section 9, of the communication path 5: 180 pm 
(the opening area SO 0.02545 mm2) 
The inner diameter of the connection section 12: 150 pm 

(the opening area: 0.01767 mm2) 
The overall length LO of the communication path 5: 830 pm 
The length L 1 of the narroW section 9: 100 pm 
The length L2 of the connection section 12: 60 um 
(Contraction Section 11) 
In a contraction section 11, the length thereof in a direction 

of How of a liquid from a supply path 10 to a pressure chamber 
3 Was 302 pm, the Width thereof in a planar direction of the 
board 2 perpendicular to the direction of How Was 39.5 um, 
and the height thereof in the thickness direction of the board 
2 Was 20 um. 
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(Piezoelectric Actuator 7) 
A piezoelectric actuator 7 having layers, described beloW, 

including a thin plate-shaped piezoelectric element 6 in a 
transverse vibration mode, Which Were laminated in the order 
shoWn in FIG. 1 and having a total thickness of 41.5 um Was 
prepared. The characteristics of the piezoelectric actuator 7 
Were as folloWs: 

Piezoelectric constant d3l: 177 um/V 
Compliance: 26.324><10_21 m5/N 
Developed pressure constant: 17.925 kPa/V 
The amount of displacement in the thickness direction of a 

region corresponding to a driving region of the piezoelectric 
element 6 in a case Where a driving voltage of 20 V Was 
applied betWeen a common electrode 23 and a discrete elec 
trode 24 Was 84.3 nm. 

(Vibrating Plate 22) 
A vibrating plate 22 Was formed of PZT in a thin plate 

shape having dimensions covering a plurality of pressure 
chambers 3 on the board 2. 

Thickness: 14 um 
(Common Electrode 23) 
The common electrode 23 Was formed of AgiPd serving 

as a conductive material in a ?lm shape having dimensions 
that Were substantially the same as those of the vibrating plate 
22. 

Thickness: 10 um 
(Piezoelectric Element 6) 
The piezoelectric element 6 Was formed of PZT serving as 

piezoelectric ceramic in a thin plate shape having dimensions 
that Were substantially the same as those of the vibrating plate 
22 and the common electrode 23. 

Thickness: 14 um 
(Discrete Electrode 24) 
The discrete electrode 24 Was pattem-formed of Au serv 

ing as a conductive material for each of the pressure chambers 
3 to a ?lm having a shape corresponding to the planar shapes 
of the pressure chamber 3. 

Thickness 3.5 um 
<Liquid Discharge Device 1> 
A piezoelectric ink jet head serving as a liquid discharge 

device 1 Was manufactured by laminating the piezoelectric 
actuator 7 on a surface, on Which the pressure chamber 3 Was 
formed, of the board 2 previously described through epoxy 
resin adhesives, folloWed by heating under pressure, to cure 
epoxy resin. 

Examples 2 and 7 

A piezoelectric ink jet head serving as a liquid discharge 
device 1 Was manufactured in the same manner as that in the 
example 1 except that the inner diameter of a narroW section 
9 Was 70 um (the opening area S1: 0.00385 mm2, Example 2), 
80 pm (the opening area S1: 0.00503 mm2, Example 3), 90 pm 
(the opening area S1: 0.00636 mm2, Example 4), 100 pm (the 
opening area S1: 0.00785 mm2, Example 5), 140 um (the 
opening area S1: 0.01539 mm2, Example 6), and 160 pm (the 
opening area S1: 0.02011 mm2, Example 7). 

Examples 8 to 15 

A piezoelectric ink jet head serving as a liquid discharge 
device 1 Was manufactured in the same manner as that in the 
example 1 except that the inner diameter of a narroW section 
9 Was 100 pm (the opening area S1: 0.00785 m2), and the 
length L 1 of the narroW section 9 Was 40 um (Example 8), 80 
um (Example 9), 90 um (Example 10), 110 um (Example 1 1), 
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130 um (Example 12), 150 um (Example 13), 170 um (Ex 
ample 14), and 190 um (Example 15). 

Comparative Example 1 

As shown in FIG. 5, a piezoelectric inkjet head serving as 
a liquid discharge device 1 Was manufactured in the same 
manner as that in the example 1 except that a communication 
path 5 Was not provided With a narroW section 9. The dimen 
sions of each of the sections Were as folloWs: 
The inner diameter of the communication path 5: 180 pm 

(the opening area SO: 0.0254 mm2) 
The inner diameter of a connection section 12: 150 um (the 

opening area: 0.0177 mm2) 
The overall length LO of the communication path 5 830 pm 
The length L2 of the connection section 12: 60 um 

Comparative Example 2 

As shoWn in FIG. 6, a pieZoelectric inkjet head serving as 
a liquid discharge device 1 Was manufactured in the same 
manner as that in the example 1 except that a narroW section 
9 Was provided at not a boundary position 8 betWeen a pres 
sure chamber 3 of a communication path 5 but a halfWay 
position of the communication path 5. The dimensions of 
each of the sections Were as folloWs: 

The inner diameter of the narroW section 9: 120 um (the 
opening area S1: 0.0113 mm2) 

The inner diameter of respective regions, closer to the 
pressure chamber 3 and a noZZle 4 than the narroW section 9, 
of the communication path 5: 180 pm (the opening area SO: 
0.0254 mm2) 

The inner diameter of a connection section 12: 150 um (the 
opening area: 0.0177 mm2) 

The overall length LO of the communication path 5: 830 pm 
The length L 1 of the narroW section 9: 100 pm 
The length L5 from the boundary position 8 to an upper end 

of the narroW section 9: 340 pm 
The length L2 of the connection section 12: 60 um 
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The overall length LO of the communication path 5 830 pm 
The length L l of the narroW section 9 100 pm 
The length L2 of the connection section 12: 60 um 

Comparative Example 4 

A pieZoelectric inkjet head serving as a liquid discharge 
device 1 Was manufactured in the same manner as that in the 

example 1 except that an enlarged portion having a larger 
inner diameter than a communication path 5 [inner diameter: 
200 um (opening area S1: 0.03142 mm2), length L1: 100 um] 
Was conversely provided at the position of a narroW section 9. 

<<Fluid Analysis l>> 
In a case Where the pieZoelectric ink jet heads in the 

example 1 and the comparative examples 1 to 3 Were driven 
by a so-called Pull-push driving method for continuing to 
apply a driving voltage to a driving region of the pieZoelectric 
element 6 in a Waiting time period, to maintain a state Where 
a region, corresponding to the driving region, of the pieZo 
electric actuator 7 Was de?ected so as to project toWard the 

pressure chamber 3, reducing the driving voltage to Zero once 
When a liquid drop Was discharged to release the de?ection, 
and then applying a driving voltage again, to return the region 
to a Waiting state, the changes in the pressure and the ?oW 
velocity of the liquid at the boundary position betWeen the 
communication path 5 and the noZZle 4 Was ?uid-analyzed by 
a pseudo compression methodusing an analysis model shoWn 
in FIG. 8. 
The lattice Width for calculation of the analysis model Was 

set to 0.7 um><0.7 pm in a portion of the noZZle 4 and 2 um><2 
pm in a portion of the communication path 5 including the 
narroW section 9 and the connection section 12. Furthermore, 
as the Waveform of a driving voltage pulse used for the Pull 
push driving method, the voltage value in the Waiting time 
period Was set to 15 V, and the pulse Width of a pulse for 
reducing the driving voltage to Zero Was set to 6.2 11sec. The 
results in the example 1, the results in the comparative 
example 1, the results in the comparative example 2, and the 

Comparative Example 3 40 results in the comparative example 3 are respectively shoWn 
in FIGS. 9, 10, 11, and 12. Each of the draWings proved that 

As shoWn in FIG. 7, a pieZoelectric inkjet head serving as micro vibration generated in the communication path 5 could 
a liquid discharge device 1 Was manufactured in the same be effectively damped only When the narroW section 9 Was 
manner as that in the example 1 except that anarroW section 45 formed at the boundary position 8 betWeen the pressure 
9 Was provided at a position, in contact With a connection chamber 3 of the communication path 5. 
section 12 and closer to a noZZle 4, of the communication path <<Fluid Analysis ll>> 
5. The dimensions of each of the sections Were as folloWs: When the pieZoelectric ink j et heads in the examples 1 to 15 

The inner diameter of the narroW section 9 120 um (the and the comparative examples 1 to 4 Were driven by applying 
opening area S1: 0.0113 mm2) 50 a driving voltage pulse having the same Waveform as that 

The inner diameter of a region, closer to a pressure cham- previously described, the number of liquid drops discharged 
ber 3 than the narroW section 9, of the communication path 5: from the noZZle 4, and the volume and the ?ying speed thereof 
180 um (the opening area SO: 0.0254 mm2) Were analyZed using the above-mentioned analysis model, to 
The inner diameter of the connection section 12 150 um obtain results shoWn in Tables 1 and 2. 

(the opening area: 0.0177 mm2) Table 1 

TABLE 1 

Narrow section 9 

Inner Opening Area ratio Length ratio 
diameter area [%] length [%] 
[pm] S1[mm2] SI/SO x 100 Ll[pm] Ll/Lo x 100 Position 

Example 1 120 0.01131 44 100 12 FIG. 1 
Example 2 70 0.00385 15 100 12 FIG. 1 
Example 3 80 0.00503 20 100 12 FIG. 1 
Example 4 90 0.00636 25 100 12 FIG. 1 
Example 5 100 0.00785 31 100 12 FIG. 1 
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TABLE l-continued 

14 

Narrow section 9 

Inner Opening Area ratio Length ratio 
diameter area [%] length [%] 
[pm] S1[mm2] SI/SO x 100 Ll[pm] Ll/Lo x 100 Position 

Example 6 140 0.01539 60 100 12 FIG. 1 
Example 7 160 0.02011 79 100 12 FIG. 1 
Example 8 100 0.00785 31 40 5 FIG. 1 
Example 9 100 0.00785 31 80 10 FIG. 1 
Example 10 100 0.00785 31 90 11 FIG. 1 
Example 11 100 0.00785 31 110 13 FIG. 1 
Example 12 100 0.00785 31 130 16 FIG. 1 
Example 13 100 0.00785 31 150 18 FIG. 1 
Example 14 100 0.00785 31 170 20 FIG. 1 
Example 15 100 0.00785 31 190 23 FIG. 1 
Comparative i i i i i FIG. 5 

example 1 
Comparative 120 0.01131 44 100 12 FIG. 6 
example 2 
Comparative 120 0.01131 44 100 12 FIG. 7 
example 3 
Comparative 200 0.03142 123 100 12 i 

example 4 

Table 2 

TABLE 2 

Second or 

Total Overall average_ First drop subsequent drop 

number of Flying Flying Flying Speed Volume 
liquid speed Volume speed Volume speed Volume ratio ratio 
drops VO[m/s] CO[pl] V1[m/s] Cl[pl] V2[m/s] C2[pl] Vl/Vo Cl/Co 

Example 1 2 7.1 5.3 8.0 3.0 5.9 2.3 1.1 0.57 
Example 2 2 6.3 5.3 7.7 2.7 4.9 2.7 1.2 0.50 
Example 3 2 7.1 5.2 8.0 2.9 6.1 2.4 1.1 0.55 
Example 4 2 7.1 5.3 7.9 3.0 6.1 2.3 1.1 0.56 
Example 5 2 7.1 5.5 7.8 3.0 6.2 2.5 1.1 0.55 
Example 6 2 7.1 5.5 7.7 3.0 6.2 2.5 1.1 0.54 
Example 7 2 7.5 5.3 8.7 2.7 6.2 2.6 1.2 0.51 
Example 8 2 7.3 5.4 8.2 2.7 6.3 2.6 1.1 0.51 
Example 9 2 7.1 5.5 7.8 3.2 6.1 2.3 1.1 0.58 
Example 10 2 7.0 5.6 7.8 3.1 6.0 2.5 1.1 0.56 
Example 11 2 6.9 5.2 7.9 2.8 5.8 2.4 1.1 0.54 
Example 12 2 7.1 5.2 8.0 2.7 6.1 2.5 1.1 0.52 
Example 13 2 7.0 5.3 7.9 2.8 5.9 2.5 1.1 0.53 
Example 14 2 6.9 5.3 7.9 2.7 5.8 2.5 1.1 0.52 
Example 15 2 6.4 5.3 7.7 2.7 5.1 2.7 1.2 0.50 
Comparative 2 7.7 5.3 9.2 2.6 6.3 2.7 1.2 0.49 
example 1 
Comparative 3 7.3 5.2 8.5 2.7 5.9 2.5 1.2 0.52 
example 2 
Comparative 4 6.6 5.3 7.4 3.2 5.5 2.1 1.1 0.60 
example 3 
Comparative 4 7.2 5.6 7.9 3.1 6.2 2.5 1.1 0.56 
example 4 

Table 1 and Table 2 showed that in the comparative 
example 1 in which the narrow section 9 is not provided in the 
communication path 5, a head high-speed drop, which causes 
defective images, being minuter and having a higher ?ying 
speed than a predetermined liquid drop was discharged as the 
?rst drop due to the effect of the micro vibration. Further 
more, in the comparative examples 2 and 3 in which the 
narrow section 9 was provided at a position other than the 
boundary position 8 between the pressure chamber 3 of the 
communication path 5, a large number of liquid drops, which 
cause defective images, being minuter and having a lower 
?ying speed than a predetermined liquid drop were dis 
charged from the noZZle 4 after the predetermined liquid drop 
was discharged due to the effect of the micro vibration. Fur 
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thermore, in the comparative example 4 in which the enlarged 
portion having a larger inner diameter than the communica 
tion path 5 was conversely provided at the position of the 
narrow section 9, a large number of liquid drops, which cause 
defective images, being minuter and having a lower ?ying 
speed than a predetermined liquid drop were also discharged 
from the noZZle 4 after the predetermined liquid drop was 
discharged due to the effect of the micro vibration. 
On the other hand, it was con?rmed in the examples 1 to 15 

that only two liquid drops that have a predetermined volume 
and ?ying speed and may not cause defective images could be 
discharged. Furthermore, comparison among the examples 
proved that it was preferable from the results in the examples 
1 to 7 that the opening area of the narrow section 9 was 20 to 
60% of the opening area of the region closer to the noZZle 4 
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than the narrow section 9, and it Was preferable from the chamber and transmits the vibration to the noZZle 
results in the examples 1 and 8 to 15 that the length, in the through the liquid in the communication path, to dis 
length direction of the communication path 5, of the narroW charge the liquid drop from the noZZle, 
section 9 Was to 20% of the overall length of the communi- Wherein a region having 10 to 20% of the overall length of 
cation path 5. 5 the communication path directed toWard the noZZle from 

a boundary position is a narroW section having a smaller 
opening area than a opening area of a region closer to the 
noZZle than the narroW section of the communication 
path, Wherein the boundary section is betWeen the pres 
sure chamber and the communication path. 

_ _ _ 2. The liquid discharge device according to claim 1, 
Chamber and the nozzle and to be ?ned Wlth a hquld; and Wherein the opening area of the narroW section is 20 to 60% 

a piezoelectric actuator that includes a piezoelectric ele- Ofthe Opening area Ofthe region Closer to the nozzle than the 
ment, and vibrates due to the deformation of the pieZo- narrow Section 
electric element to increase or decrease the volume of 
the pressure chamber, to vibrate the liquid in the pressure * * * * * 

The invention claimed is: 
1. A liquid discharge device comprising: 
a pressure chamber to be ?lled With a liquid; 
a noZZle for discharging the liquid as a liquid drop; 10 
a communication path that interconnects the pressure 


